Jerusalem artichoke is widely known for its inulin-enriched tubers. Recently the opportunity has 21 been arisen to involve the whole plant in biorefinery concept due to its high lignocellulose 22 biomass and tuber production. This paper focuses on the repeatedly harvestable green biomass of 23 Jerusalem artichoke. Ultra-High Performance Liquid Chromatography-Electrospray 24 Ionization/Mass Spectrometry (UHPLC-ESI-MS) was applied to identify the phytochemicals in 25 Jerusalem artichoke leaf protein concentrate (JAPC) thermally extracted from green biomass of 26 three clones, i.e., Alba, Fuseau and Kalevala. Amino acid and fatty acid profiles as well as yield 27 of JAPC were also analyzed. The UHPLC-ESI-MS analyses showed that no toxic phytochemicals 28 were identified in JAPC. The results revealed, also, that JAPC is not only essential-amino acids-29 rich but also contains substantial amounts of polyunsaturated fatty acids (66-68%) such as 2 30 linolenic and linoleic acids. Linolenic acid represented 39-43% of total lipid content; moreover, 31 the ratio between ω-6 and ω-3 essential fatty acids in JAPC was ~0.6: 1. Using UHPLC-ESI-MS, 32 the following hydroxylated methoxyflavones were for the first time identified in JAPC, i.e., 33 dimethoxy-tetrahydroxyflavone, dihydroxy-methoxyflavone, hymenoxin and nevadensin. These 34 compounds are medically important since they are referred to as anti-cancer, anti-inflammatory 35 and antioxidants. Also, liquiritigenin -estrogenic-like compound -was identified in JAPC 36 alongside the following terpenes, i,e., loliolide and dihydroactinidiolide. However, no remarkable 37 differences of phytochemicals, fatty acids and amino acids composition were seen among 38 Jerusalem artichoke clones. The green biomass of tested clones ranged between 5 to 5.6 kg m -2 39 and JAPC yield varied from 28.6 to 31.2 g DM kg -1 green biomass with total protein content, on 40 average, of 33.3%. According to our knowledge, this paper is the first scientific report 41 highlighting bioactive substances in JAPC such as PUFA phytochemicals. These results clearly 42 prove that JAPC is a valuable product which can direct towards human and animal nutrition as 43 well as it can serve as basic material for different industrial purposes. 44 Keywords: Jerusalem artichoke; leaf protein concentrate; polyunsaturated fatty acids; 45 phytochemicals; amino acids;; UHPLC-ESI-MS 46 3 52
Introduction 47
Ensuring an adequate supply of protein has become one of the challenges facing the world today, 48 which is expected to worsen in the future as a result of the terrible increase in population and the 49 erosion of agricultural land. The global protein supply relies on vegetal sources (57%), meat 50 (18%), dairy products (10%), fish and shellfish (6%) and other animal products (9%), 146 Esterification of fatty acids in JAPC fraction into methyl esters was conducted using sodium 147 methylate catalyst. Seventy milligram of lyophilized homogeneous sample was weighed into a 20 148 mL tube; 3 mL of n-hexane, 2 mL of dimethyl carbonate and 1 mL of sodium methylate in 149 methanol were added. The contents of the test tube were shaken for 5 minutes (Janke and Kunkel 150 WX2) and then 2 mL of distilled water was added and shaken again. The samples were then 151 centrifuged at 3000 rpm for 2 minutes (Heraeus Sepatech, UK). The 2.0 mL of supernatant 152 (hexane phase) was transferred into container through a filter paper, which contained anhydrous 153 sodium sulfate. The prepared solution contained approximately 50-70 mg cm -3 fatty acid methyl 154 ester (FAME) was directly suitable for gas chromatography measurement. Gas Chromatography Agilent 7683 automatic split/splitless injector was used with 280 °C injector temperature and 159 100:1 split ratio. Injection volume was 1μL. The carrier gas was hydrogen with a flow rate of 0.6 160 ml min -1 and the makeup gas was nitrogen with a flow rate of 25.0 ml min -1 . The components 161 were identified by retention data and standard addition. 8   163 Sample preparation 164 For the hydro-alcoholic extracts 0.5 g grinded JAPC powder was used and extraction was done 165 by 25 mL methanol:water solution at ratio of 7:3. The mixture was stirred on 150 rpm for 2h at 166 room temperature. The hydro-alcoholic extracts were filtered using a 0.22 µm PTFE syringe 167 filter. 169 The phytochemical analyses were performed by UHPLC-ESI-MS (Ultra-High Performance 170 Liquid Chromatography-electrospray ionization/mass spectrometry) technique using a Dionex 171 Ultimate 3000RS UHPLC system (Thermo Fisher, USA) coupled to a Thermo Q Exactive
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Screening of phytochemicals in JAPC by UHPLC-ESI-MS
168
UHPLC-ESI-MS analysis
172
Orbitrap hybrid mass spectrometer equipped with a Thermo Accucore C18 analytical column (2.1 173 mm × 100 mm, 2.6 µm particle size). The flow rate was maintained at 0.2 mL/min. The column 174 oven temperature was set to 25°C ±1 °C. The mobile phase consisted of methanol (A) and water 175 (B) (both were acidified with 0.1% formic acid). The gradient program was as follows: 0 -3 min, set to 30 NCE. The difference between measured and calculated molecular ion 186 masses was less than 5 ppm in every case. The data were acquired and processed using Thermo The experimental design was established as a randomized complete block design with six.
202
Results of the experiments were subjected to one-way ANOVA by 'R-Studio' software and the Results of aboveground fresh biomass yield presented in Table 1 . It is showed that the yield of 207 Jerusalem artichoke clones were similar. No significant differences among tested clones (i.e., 208 Alba, Fuseau and Kalevala) were noticed especially during the 1 st harvest. By contrast, the 209 harvesting time influenced the yield. Significant lower yield could be harvested at the second 210 harvest time. The average fresh biomass yield was approximately 5.3 kg m -2 in the 1 st harvest, 211 while in the 2 nd harvest the yield significantly reduced as the average biomass was 2.4 kg m -2
212
( Table 1 ). The calculated total aboveground fresh biomass yield -as an average -was estimated 213 to be 7.7 kg m -2 . Table 1 . Statistical analysis showed insignificant differences among 220 Jerusalem artichoke clones whether in 1 st or 2 nd harvests. The JAPC yield ranged from 28.3 221 (Fuseau) to 32.3 (Kalevala) g kg -1 fresh biomass in the 1 st harvest, while in the 2 nd harvest JAPC 222 yield varied from 28 (Kalevala) to 30.4 (Alba) g kg -1 fresh biomass (Table 1) . However, results 223 showed that the average JAPC dry yield of the 1 st and 2 nd harvests were 30.8 and 29.1 g kg -1 fresh 224 biomass, respectively. Therefore, it could be calculated that 1 kg of green biomass of Jerusalem The total protein content (m/m%) of JAPC generated from fresh green biomass of Jerusalem 228 artichoke clones ranged between 33.3 m/m% (Fuseau) and 35.3 m/m% (Alba) in the 1 st harvest, 229 while in the 2 nd harvest it varied from 31.6 m/m% (Alba) to 35.2 m/m% (Fuseau). Statistically, 230 no significant differences were calculated either between clones or between harvests (Table 1) .
231
The average total protein content in the 1 st harvest was 34.1 m/m% and in the 2 nd harvest was 232 33.4 m/m%. The annual average of total protein content of JAPC extracted from Jerusalem 233 artichoke fresh biomass is estimated to be 33.8 m/m% (Table 1) .
234
Quantitative analysis of amino acid composition of JAPC
235
The results of amino acid composition of JAPC obtained from green biomass of Jerusalem 236 artichoke clones are presented in (Table 2 ). The essential amino acids (i.e., lysine, histidine, 237 isoleucine, leucine, phenylalanine, methionine, threonine and valine) play a major role in feeding; Table 2 ). The concentration of lysine as essential amino acid has special importance in 243 animal feeding. We found that the lysine content of Alba, Fuseau and Kalevala (ranged between (Table   248 2). Results, also, showed that lysine content increased in the 2 nd harvest compared to 1 st harvest 12 249 for all clones; while, a reduction in methionine content was found in the 2 nd harvest compared to 250 1 st harvest for all clones except Fuseau. 
263
Among monosaturated fatty acid (MUFA) the oleic acid (C18:1ω-9) could be detected with 264 higher values (6.6 -11.6%). The proportion of palmioletic acid (C16:1ω-7) was significant 265 lower, changed in the range of 0.7 -1.1% (Fig 3) . (Table 3) . Table 3 showed that the phenolic compounds were significant part of the content of 47.8%, it was calculated that total dry shoot biomass was 3.7 kg m -2 which is 355 equivalent to 36.8 Mg ha -1 . This total dry biomass of aerial part was higher than this cited by 356 [23], who reported 25 Mg ha -1 . It is important to be cognizant of the fact that this green biomass 357 was yielded from rain-fed plantation of Jerusalem artichoke; therefore, Jerusalem artichoke is 358 expected to produce higher aerial biomass yield since its shoot part is more sensitive to water 359 stress than tuber. According to [24] the irrigated plots of Jerusalem artichoke had higher 360 aboveground biomass by 98% than unirrigated plots.
361
Using aerial part of Jerusalem artichoke for animal feeding as fresh fodder or processed either in and avoiding the dryness of bottom leaves. Following this thread, the results showed no big 383 difference in protein content between the two harvests.
384
When it comes to the ideal protein source, the amino acid profile cannot be ignored because 385 among the 20 proteinogenic amino acids nine cannot be synthetized by most animal species [31] . 386 The ratio of these essential amino acids has special interest. Among green biomass originated 387 fractions, JAPC as dedicated protein enriched product for feed was examined more thoroughly.
388
Several indispensable amino acids i.e., lysine, isoleucine, leucine, methionine and threonine 389 showed high content in JAPC. However, higher contents of amino acids in JAPC were reported 390 by [23]; this could be attributed to the different extraction method and different varieties. The 391 results of amino acids exhibited minor measured differences between the two harvests; this could 392 be due to the different weather and plant age as has been previously documented [15, 29, 30] . human. Similarly linoleic acid (C18:2ω -6) is also essential precursor to synthesize dihomo-γ-403 linoleic acid (DGLA: C20:3ω -6) and arachidonic acid (AA: C20:4ω -6). Because of their 404 essentiality, linolenic acid and linoleic acid need to be supplied with a diet of animals or humans.
405
Regardless of observed clones the highest contribution to the fatty acid profile were noted for 406 linolenic acid (C18: 3ω -3) with 38.6 -42.7% values and linoleic acid (C18:2ω -6) with 23.4 -407 26.9 % in JAPCs (Fig 1) . Along with anthropological and epidemiological studies right 408 proportion of linoleic acid and linolenic acid should be emphasized. The ratio of omega-6 to 409 omega-3 essential fatty acids evolved ~1: 1 in the evolutionary history of human diet In contrast, 410 following the current Western diet the ratio has shifted to 10-20:1 which is not desirable from 19 411 health aspect and promotes the pathogenesis of many diseases [33] . We found ~0.6: 1 ratio of 412 omega-6 to omega-3 essential fatty acids in JAPC which is very favorable, close to the
